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TARGETED IMMuNO STIMULATION 
WITH BISPECIFIC REAGENTS 



Backg round 

Antigen molecules are recognized by the immune 

05 system after internal processing by antigen-presenting 
cells, generally mononuclear phagocytic cells such as 
macrophages. In order to present a proteinaceous 
antigen ; the antigen-presenting cell first 
internalizes the antigen which is then broken down 

10 into small peptidic fragments by enzymes contained in 
vesicles in the cytoplasm of the antigen-presenting 
cells. After fragmentation, the peptides are linked 
to cellular major histocompatibility complex (MHC) 
molecules and presented on the presenting cell's 

15 surface to the immune system. Peptides presented in 
this way are recognized by the T-cell receptor which 
engages T-lymphocytes into the immune response against 
this antigen. This antigen presentation also 
stimulates the B lymphocytes for specific antibody 

20 production. 

Complexes of antibody and antigen have been used 
to stimulate an immune response against the antigen. 
Antigen uptake through antigen-antibody conjugates 
bound to FcyR increases the efficiency of antigen 

25 presentation and thereby antigen-specific T-cell 

activation by human and mouse macrophages. Celis, E. 
and Chang, T.W. (1984) Science 224:297-299; Chang, 
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T.W. (1985) Immunol. Today 6:245-759; Manca, R. et 
^1* (1988) Immunol . 1^0:2893-2898; Schalke, B.C.G. et 
-^i- (1985) J. Immunol. 134.:3643 ; and Snider, D.P. and 
Segal, D.M. ( 1987) J. Immunol. 139 : l 05^-1 rmg The 
0:> binding of these complexes to FcyR is mediated by the 
Fc region of the antibody. This binding is 
susceptible to inhibition by physiological level of 
IgG. 

Summary of the Invention 

10 This invention pertains to a method of 

stimulating the immune response to an antigen by 
administering the antigen in conjunction with a 
binding agent which binds a surface receptor of an 
antigen-presenting cell without being blocked by 

15 natural ligand for the receptor and targets the 
antigen to the antigen-presenting cell. 

In one embodiment, a bispecific binding agent is 
employed to target the antigen. The bispecific 
binding reagent has a binding specificity for the 

20 antigen and a binding specificity for a surface 
receptor of an antigen-presenting cell, such as a 
mononuclear phagocyte (e.g., a macrophage). The 
bispecific binding agent binds the cellular receptor, 
such as an Fc receptor, and targets the antigen, 

25 without substantially being blocked by the natural 
ligand for the receptor. In a preferred embodiment, 
the bispecific binding agent specifically binds the 
Fc receptor of an antigen-presenting cell for 
immunoglobulin G (IgG) without being blocked by IgG. 

30 In a particularly preferred embodiment, the agent 

specifically binds the high affinity Fc receptor for 
immunoglobulin G (FcyRI). 
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The bispecific binding agent can be a bispecific 
antibody or heteroantibody . The antigen to be 
targeted can be derived from a foreign pathogen or it 
can be derived from endogenous diseased host cells 

05 such as tumor cells. Generally, the antigen is 
administered as a preformed complex with the 
bispecific reagent. In some cases, however, the 
antigen and the bispecific binding agent may be 
administered separately or the bispecific binding 

10 agent may be administered alone. 

In another embodiment of the invention, the 
antigen is directly bound to a receptor-binding agent 
to create bispecific molecules. For example, the 
antigen can be covalently coupled to an antibody 

15 which binds the Fc receptor without being blocked by 
IgG. 

The method and compositions of this invention 
can be used to treat or prevent infectious diseases, 
to neutralize the acute phase of an infection by a 
20 pathogenic organism, to stimulate the immune system 
in instances of chronic infection of such an organism 
and to treat tumors. 



Brief Description of the Figure 

Figure 1 illustrates the enhanced antigen 
25 presentation by directing antigen to human FcyR. 

Detailed Description of the Invention 

In the method of this invention, an antigen is 
targeted to an antigen-presenting cell to enhance the 
processes of internalization and presentation by 
30 these cells. In one embodiment of the invention, a 
bispecific binding reagent is employed to target the 
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antigen to the cell. The bispecific binding agent 
specifically binds the antigen (either directly, to 
an epitope of the antigen or indirectly, to an 
epitope attached to the antigen) and, at the same 

05 time, binds a surface receptor of an antigen- 
presenting cell which can internalize antigen for 
processing and presentation. The receptor-binding 
component of the bispecific binding agent (and thus 
the bispecific binding agent itself) binds the 

10 receptor of the antigen-presenting cell without 

substantially being blocked by the natural ligand for 
the receptor. As a result, targeting of the antigen 
to the receptor will not be prevented by 
physiological levels of the ligand and the targeted 

15 receptor will remain capable of binding the ligand 
and functioning. 

The preferred surface receptors of antigen- 
presenting cells for targeting are the receptors for 
the Fc region of IgG (FcyR) . These receptors can 

20 mediate internalization of ant ibody-complexed 

antigens. The most preferred target is the high 
affinity Fc receptor (FcyRI) . As described in more 
detail below, the bispecific binding agents are 
generally made of antibodies, antibody fragments or 

25 analogues of antibodies containing antibody-derived, 
antigen-binding (variable) regions. Antibodies that 
bind to Fc receptors on antigen-presenting cells, and 
whose binding to the receptor is not blocked by the 
natural ligand, can be produced by conventional 

30 monoclonal antibody methodology e.g., the standard 
somatic cell hybridization technique of Kohler and 
Milstein (1975) Nature 2j5£:495. Although somatic 
cell hybridization procedures are preferred, in 
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principle, other techniques for producing monoclonal 
antibodies can be employed e.g., viral or oncogenic 
transformation of 5 lymphocytes. 

In general, an animal is immunized with an 

05 FcyR-bearing cell, a receptor-bearing portion thereof 
or the Fc receptor molecule in purified or partially 
purified form. Antibodies are selected which bind an 
epitope of the FcyR which is located outside of the 
ligand (i.e., Fc) binding domain of the receptor. 

10 This binding is not inhibited by IgG and, in turn, 
does not inhibit the binding of IgG and the function 
of the Fc receptor. 

The production and characterization of mono- 
clonal antibodies which bind FcyRI without being 

15 blocked by human IgG are described by Fanger g£ aJL. 
in PCT application WO 88/00052 and in U.S. Patent No. 
4,954,617, the teachings of which are incorporated by 
reference herein. These antibodies bind to an 
epitope of FcyRI which is distinct from the Fc 

20 binding site of the receptor and, thus, their binding 
is not blocked substantially by physiological levels 
of IgG. Specific anti-FcyRI antibodies useful in 
this invention are mab 22, mab 32, mab 44, mab 62 and 
mab 197. The hybridoma producing mab 32 is available 

25 from the American Type Culture Collection, Rockville, 
MD, ATCC No. HB94 69. 

The bispecific binding agent for targeting the 
antigen can be a heteroantibody , a bispecific 
antibody or an analogue of either of these* 

30 Bispecific antibodies are single, divalent antibodies 
which have two different antigen binding sites 
(variable regions) . In the bispecific antibodies of 
this invention, one of the antigen binding sites is 
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specific for the receptor of the antigen-presenting 
cell and has the characteristics set forth above, and 
the other binding site is specific for the antigen to 
be targeted to the antigen-presenting cell. These 

05 antibodies can be produced by chemical techniques 
(see e.g., Kranz, D.M. et al. (1981) Proc. Natl. 
Acad, Sci. USA 78:5807), by "polydoma" techniques 
(See U.S. Patent 4,474,893, to Reading) or by 
recombinant DNA techniques. 

10 Heteroantibodies are two or more antibodies or 

antibody-binding fragments (Fv, Fab, Fab 1 or F(ab') 2 ) 
of different binding specificity linked together. 
Heteroantibodies comprise an antibody (or antigen- 
binding fragment) specific for the receptor of the 

1:3 antigen-presenting cell, coupled to an antibody (or 
antigen binding fragment) specific for the antigen to 
be targeted. Heteroantibodies can be prepared by 
conjugating together two or more antibodies or 
antibody fragments. Preferred heteroantibodies are 

20 comprised of crosslinked Fab fragments. A variety of 
coupling or crosslinking agents can be used to 
conjugate the antibodies. Examples are protein A, 
carboiimide, N-succinimidyl-S-acetyl-thioacetate 
(SATA) and N-succinimidyl-3- (2-pyr idyldi thio) 

25 propionate (SPDP). See e.g., Karpovsky al. (1984) 
J. Exp. Med. 160:1686; Liu, M.A. et al. (1985) Proc. 
Natl- Acad. Sgi . USA 82:8648. Other methods include 
those described by Paulus, H. Behring Inst. Mitt., 
No. 78, 118-132 (1985); Brennan et al. (1985) Science 

30 229:81-83 or Glennie et al. (1987) Immunol. 
139 :2367-2375. 
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Bispecific binding agents can also be prepared 
from single chain antibodies. See e.g., Huston, J.S. 
et al. (1988) Proc. Natl. Acad. Sci. 85:5879; Skerra, 
A. and Plucthun, A. (1988) Science 240:1038. These 

05 are analogues of antibody variable regions produced 
as a single polypeptide chain. To form the 
bispecific binding agent, the single chain antibodies 
may be coupled together chemically or by genetic 
engineering methods. 

10 As used herein, the term antigen means any 

natural or synthetic antigenic substance, a fragment 
or portion of an antigenic substance, a peptidic 
epitope, or a hapten. Suitable antibodies against 
wide variety of antigens for construction of the 

15 bispecific binding agents are available or can be 
readily made by standard techniques. 

In some cases, it may be desirable to couple a 
substance which is weakly antigenic or nonantigenic 
in its own right (such as a hapten) to a carrier 

20 molecule, such as a large immunogenic protein (e.g., 
a bacterial toxin) for administration. In these 
instances, the bispecific binding reagent can be made 
to bind an epitope of the carrier to which the 
substance is coupled, rather than an epitope of the 

25 substance itself. 

In another embodiment of the invention, the 
antigen can be coupled directly to the binding agent 
for the receptor. For example, an antigen can be 
coupled to an antibody, or fragment thereof, specific 

30 for an Fc receptor of an antigen-presenting cell. 

Proteinaceous antigens can be coupled by the methods 
described above or by other methods. 
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The antigen targeted by the method of this 
invention can be soluble or particulate; it may carry 
B cell epitopes, T cell epitopes or both. The 
antigen can be bacterial, viral or parasitic in 

05 origin. Often, the antigen will comprise a component 
of the surface structure of a pathogenic organism. 
For example, the antigen can comprise a viral surface 
structure such as an envelope glycoprotein of human 
immunodeficiency virus (HIV) or the surface antigen 

10 of hepatitis virus. In addition, the antigen can be 
associated with a diseased cell, such as a tumor 
cell, against which an immune response may be raised 
for treatment of the disease. The antigen can 
comprise a tumor-specific or tumor-associated 

15 antigen, such as the Her-2/neu proto-oncogene product 
which is expressd on human breast and ovarian cancer 
cells (Slamon, D.J. ^ al. (1989) Science 244 : 707) . 

Targeted immunos t imulat ion can be performed in 
v itrQ or in vivo . The bispecific binding agent can 

20 be used to target an antigen to antigen-presenting 
cells in culture. Immunocompetent cells are 
separated and purified from patient blood. The cells 
are exposed to the antigen and the binding agent. 
Targeted antigen-presenting cells will process the 

25 antigen and present fragments on their surface. 

After stimulation, the cells can be returned to the 
patient . 

To elicit an immune response in vivo , the 
antigen can be administered to a host in conjunction 
30 with the binding agent. Although in some 

circumstances the two may be administered separately, 
typically, they are administered as a preformed 
immunochemical complex. The complex is formed by 
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incubating the antigen and the bispecific binding 
agent at a desired molar ratio under conditions which 
permit binding of the two species. For example, the 
antigen and the bispecific binding reagent can be 

05 incubated in saline solution at 37°C. In some 

embodiments, for therapy of a pre-existing condition, 
the bispecific binding agent may be given without 
accompanying antigen. 

The complex is administered in a physiologically 

10 acceptable solution at a dosage which will evoke an 
immune response against the antigen. The optimum 
dose of antigen, as well as the molar ratio of 
antigen and binding agent, may vary dependent upon 
factors such as the type of antigen, the immune 

15 status of the host, the type of infection or other 
disease being treated, etc. In most cases, the dose 
of antigen required to elicit an immune response (as 
determined by any standard method for assessment of 
immune response) should be lower than that which 

20 would be required if the antigen were given alone or 
as a complex with a monospecific antibody for the 
antigen. 

The method of this invention can be used to 
enhance or reinforce the immune response to an 

25 antigen. For example, the method is valuable for the 
treatment of chronic infections, such as hepatitis 
and AIDS, where the unaided immune system is unable 
to overcome the infection. It can also be used in 
the treatment of the acute stages of infection when 

30 reinforcement of immune response against the invading 
organism may be necessary. 
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The method can be used to reduce the dose of 
antigen required to obtain a protective or 
therapeutic immune response or in instances when the 
host does not respond or responds minimally to the 

05 antigen. Although generally desirable, the lowering 
of effective dose can be especially desirable when 
the antigen is toxic to the host. 

The method of targeted immunost imulat ion can 
also be used in disease therapy. For example, the 

10 bispecific binding agent can be used to target a 
tumor-associated (or tumor-specific) antigen to an 
antigen-presenting cell in order to cause or to 
enhance an immune response against the tumor. 

The invention is illustrated further by the 

15 following exemplification: 

Exemplification 

Example 1 

A bispecific heteroant ibody was prepared from a 
monoclonal antibody against human erythrocytes 

20 (mono-D, a human anti-RhD antibody) and anti-FcyRI 
antibody 32, by a protocol previously described. 
Shen, C. et a_l. (1986) J. Immunol. 137 :3378 . Human 
erythrocytes were washed three times in buffer 
solution and then incubated for 60 minutes at 37°C in 

25 solution of the heteroant ibody . After the incubation 
and three washings, erythrocytes coated with 
heteroant ibody were diluted at 5xl0 7 cells per 
millimeter in Hank*s buffer and then incubated with 
adherent monocytes (macrophages) at the ratio of 

30 100:1 for one hour at 37°C. Cells were then washed 
in phosphate buffered saline (PBS), fixed for one 
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minute in ethanol and stained with Giemsa for 
observation through a light microscope. 

lliLCi liU 1 J.i<U L XUii V-f JU w A. J Uii*. j \* w n w i-i wta«>-»-.--j 

observed as unstained spheres in the macrophage 

05 cytoplasm. The number of macrophages that 

internalized at least one erythrocyte were counted. 
This experiment was repeated numerous times with and 
without the heteroantibody present. In each 
experiment, no erythrocyte internalization was 

10 observed in macrophages which were incubated with 
erythrocytes in the absence of the heteroantibody. 

In addition, experiments were performed after 
treatment of adherent monocytes (macrophages) with 
various concentrations of interf eron-gamma which is 

15 known to increase the number of FcyRI receptors on 
the macrophage surface. Petroni, K.C. et al. (1988) 
J. Immunol. 140 : 3467 . As shown in the table below, 
the number of macrophages that internalized 
erythrocytes increased in a direct relation to the 

20 concentration of interf eron-gamma * 



Table 



Gamma Interferon Percentage of M acrophages 

Concentration fyto/ml) Having Internal ized at Least 

One Erythrocyte (%) 



25 



1000 
100 
10 



40 
25 
6 



These data show that the heteroantibody can trigger 
internalization of antigen by macrophages. 
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ExamplQ 2 Enhanced Tetanus Toxoid (TT) presentation 
by directing TT to human FcyR ■ 

Monoclonal antibody 22 (mAb 22) is specific for 
the high affinity Fey receptor and its binding to the 

°5 receptor is not blocked by IgG Fc . See U.S. Patent 
No. 4,954,617. TT was conjugated to F(ab') 2 of mAb 
22. To test the potential role of human antibody 
(Ab) isotype, TT was conjugated to non-specific 
HIgG 1 . TT (obtained from Accurate Chemical Co., 

10 Westburg, NY) was linked to antibody or antibody 
fragments by the SATA-malemide procedure. 

The experiments were done in serum free AIM V 
medium (Gibco, Grand Island, NY) to minimize the 
contribution of undefined components such as 

Is hormones, lymphokines or monomeric and polymeric 
immunoglobulins. The use of AIM V reduces 
non-specific T cell responses while maintaining 
Ag-specific responses equal to those observed with 
other media tested. This medium allows more 

20 definitive studies of Fc receptor-enhanced antigen 
presentation in vitro . If antigen is directed to Fc 
receptors using mAb that bind to Fc receptors 
regardless of the presence of human IgG, this medium 
is not a requirement to see enhanced Ag presentation. 

25 T cells used in the assay were primed with TT. 

When T cells are taken fresh from an individual there 
are T cells present which can potentially respond to 
many things (serum components, mouse Ig, etc.). By 
priming the cells in vitro (i.e., adding TT to fresh 

30 monocytes and T cells), only the T cells which 

recognize TT grow out. Thus, the cells are specific 
for TT. 
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The T cells were taken from the same donor as 
the monocytes. The vast majority (>85%) are CD4+, 
helper T cells specific for TT. They are polyclonal 
which means they likely recognize many parts of TT 

05 (i.e., many different 10-20 amino acid segments of TT 
as foreign) . This is the type of response 
(polyclonal) which one might expect in vivQ . 

5 x 10 4 monocytes purified by cold aggregation 
and 5 x 10 4 T cells (primed once with TT, as 

10 described) were added in AIM V medium to wells of a 
96 well plate. Subsequently, Ab, TT, TT-Ab , or 
anti TT Ab + TT was added. Plates were incubated 72 
hrs at 37°C at which time [ 3 H] thymidine was added 
overnight. Cells were then harvested and counted. 

15 Figure 1 shows the results of these 

experiments. Data is expressed as counts/minute 
(CPM) * SD. As can be seen, TT conjugated to mAb 22 
resulted in enhanced T cell proliferation over that 
obtained with TT alone, HIgGl-TT or anti-TT:TT 

20 complex. Ab alone did not induce T cell 
proliferation. 

Equivalents 

Those skilled in the art will recognize, or be 
able to ascertain using no more than routine 
25 experimentation, many equivalents to the specific 

embodiments of the invention described herein. Such 
equivalents are intended to be encompassed by the 
following claims. 
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Claims 

A method of stimulating an immune response to an 
antigen, comprising administering the antigen 
and a binding agent which binds a surface 
receptor of an antigen-presenting cell without 
being blocked substantially by the natural 
ligand for the receptor, so that the antigen is 
targeted to the receptor. 

A method of claim 1, wherein the antigen is 
coupled to the binding agent. 

A method of claim 2, wherein the binding agent 
is an antibody, or fragment thereof. 

A method of claim 1, wherein the binding agent 
is bispecific, having a binding affinity for the 
receptor and for the antigens. 

A method of claim 4, wherein the antigen and the 
bispecific binding agent are administered as a 
complex . 

A method of claim 4, wherein the bispecific 
binding agent is a heteroantibody . 

A method of claim 1, wherein the antigen is 
selected from the group consisting of viral, 
bacterial, parasite and tumor-associated antigen. 

A method of claim 1, wherein the antigen is 
derived from hepatitis virus. 
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9. A method of claim 1, wherein the hepatitis 
antigen is hepatitis surface antigen. 

10. A method of claim 1, wherein the antigen is an 
HIV antigen. 

05 11. A method of claim 1, wherein the antigen- 
presenting cell is a macrophage. 

12. A method of claim 1, wherein the surface 

receptor of the macrophage is a receptor for 
immunoglobulin Fc. 

10 13. A method of claim 12, wherein the receptor for 
immunoglobulin Fc is the high affinity Fc 
receptor for immunoglobulin G. 

14. A method of stimulating an immune response 

against an antigen, comprising administering a 

15 molecular complex comprising an antigen and a 

bispecific heteroantibody , the heteroantibody 
comprising a first antibody, or fragment 
thereof, which specifically binds the Fc 
receptor for immunoglobulin G (igG) on the 

20 macrophage surface without being blocked 

substantially by IgG and a second antibody, or 
fragment thereof, which specifically binds the 
antigen. 



25 



15. A method of claim 14, wherein the bispecific 
antibody comprises a Fab z Fab conjugate. 
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05 



16. A method of treating hepatitis B infection 
comprising administering to an individual 
infected with the virus a molecular complex 
comprising hepatitis B surface antigen, or 
portion thereof, and a Fab x Fab heteroantibody 
wherein the first Fab binds the high affinity Fc 
receptor for immunoglobulin G without being 
blocked substantially by IgG and the second Fab 
binds the antigen. 



10 17. A method of stimulating an immune response to an 
antigen, comprising administering a complex of 
the antigen coupled to a binding agent which 
binds an antigen-presenting cell without being 
blocked substantially by the natural ligand for 

15 the receptor. 

18. A method of claim 17, wherein the surface 

receptor of the macrophage is a receptor for 
immunoglobulin Fc . 



20 



19. A molecular complex comprising an antigen 

complexed to a bispecific binding agent which 
binds a surface receptor of an antigen- 
presenting cell without being blocked 
substantially by the natural ligand for the 
receptor and binds the antigen. 



25 



20. 



A molecular complex of claim 19, wherein the 
bispecific binding agent is a heteroantibody. 
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21. A molecular complex of claim 20, wherein the 
heteroantibody comprises chemically crosslinked 
Fab or Fab* antibody fragments. 

22. A molecular complex of claim 19, wherein the 

05 antigen is selected from the group consisting of 

viral, bacterial, parasite and tumor-associated 
antigen. 

23. A molecular complex of claim 19, wherein the 
antigen is a hepatitis antigen. 

10 24. A molecular complex of claim 19, wherein the 
antigen is an HIV antigen. 

25. A molecular complex of claim 19, wherein the 
antigen-presenting cell is a macrophage. 

26. A molecular complex of claim 25, wherein the 
15 surface component of the macrophage is a 

receptor for immunoglobulin Fc. 

27. A molecular complex of claim 26, wherein the 
receptor for immunoglobulin Fc is the high 
affinity Fc receptor for immunoglobulin G. 

20 28. A molecular complex, comprising an antigen and a 
bispecific heteroantibody, the heteroantibody 
comprising a first antibody, or fragment 
thereof, which specifically binds an Fc receptor 
for immunoglobulin G (IgG) on the macrophage 

25 surface without being blocked substantially by 

IgG and a second antibody, or fragment thereof, 
which specifically binds the antigen. 
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29. A molecular complex of claim 28, wherein the 
first antibody, or fragment thereof, binds the 
high affinity Fc receptor for IgG. 

30. A molecular complex of claim 28, wherein the 

05 antigen is selected from the group consisting of 

a viral, bacterial, parasitic and disease- 
associated antigen . 

31. A molecular complex of claim 28, wherein the 
antigen is a hepatitis antigen. 

10 32. A molecular complex of claim 25, wherein the 

hepatitis antigen is hepatitis surface antigen. 

33. A molecular complex of claim 26, wherein the 
antigen is an HIV antigen. 

34. A molecular complex, comprising an antigen and a 
15 Fab x Fab heteroantibody , wherein the first Fab 

binds the high affinity Fc receptor for 
immunoglobulin G (IgG) without being blocked by 
IgG and the second Fab binds the antigen. 



35. A vaccine composition, comprising a molecular 
20 complex of claim 19 in a pharmaceutically 

acceptable vehicle . 

36. An antigen linked to an antibody, a fragment or 
analogue thereof, which binds the Fey receptor 
of an antigen-presenting cell without being 

25 blocked by IgG Fc . 
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